Introduction
============

According to the 2004 report of the Health Insurance Review and Assessment Service in Korea, 25% of the total medical costs in Korea are spent to treating critically ill patients who hold only 6.4% of the total hospital admission. Furthermore, one-third of the post-intensive care unit (ICU) patients died within 1 month of hospital discharge \[[@b1-kja-d-18-00275]\].

For critically ill patients in Korea, in-ICU or in-hospital mortality is still the outcome of greatest interest although it is only a short-term goal. Mortality after discharge is also an important consideration as a long-term goal and as a measurement of the effectiveness of intensive care \[[@b2-kja-d-18-00275],[@b3-kja-d-18-00275]\]. A number of patients treated in an ICU have a difficult time returning to their lives after hospitalization and the health of some patients continued to decline following discharge \[[@b4-kja-d-18-00275]-[@b6-kja-d-18-00275]\]. The studies on long-term outcomes of ICU survivors are rare in Korea \[[@b7-kja-d-18-00275],[@b8-kja-d-18-00275]\]. The long-term outcomes are much more difficult to follow-up and certain predictors for mortality after ICU discharge (e.g., quality of life and psychological problems) are not easily measurable. However, determining measurable risk factors for post-treatment mortality may allow for a better allocation of health care resources after discharge and for more efficient targeting of follow-up care.

The aims of this study were to evaluate long-term mortality of patients discharged from the hospital after successful ICU care and to identify predictors of mortality in these patients. 

Materials and methods
=====================

This single-center retrospective study was performed in the general ICU of an 805-bed university-affiliated hospital in Korea and was approved by the Institutional Review Board and Hospital Research Ethics Committee (November 12, 2012, protocol number 3-2012-0209). The ICU has 23 beds and admits about 965 patients per year. As a tertiary center, this general ICU treats almost all categories of critically ill patients, except neonates, open-heart, or neurosurgical patients. Patients who were admitted to the ICU between March 1, 2006, and November 30, 2011, were screened for the study. Among these patients, we selected those who had been discharged alive from the hospital and who were 20 years of age or older ([Fig. 1](#f1-kja-d-18-00275){ref-type="fig"}). The following variables were collected using electronic medical records: sex, age, severity of illness at admission (Acute Physiology and Chronic Health Evaluation \[APACHE\] II score), mechanical ventilation, malignancy, readmission, ICU and hospital length of stay (LOS), type of admission (emergency, elective surgery, and medical), and diagnostic category (trauma and non-trauma such as cardiovascular, respiratory, gastrointestinal/hepatic, renal, neurologic, metabolic/endocrinologic, hematologic, septic shock, and transplantation). The severity of illness was estimated using the APACHE II score and recorded within 24 h of admission to the ICU. The types of admission were assigned at the time of each patient's admission and recorded within 12 h of ICU admission.

The starting point of long-term survival was defined as the date of discharge from hospital in order to determine the influence of ICU care for discharged patients after a full or partial recovery. Survival time was measured from the day of hospital discharge to December 1, 2012, using the National Health Insurance Service database. All patients were followed up for a minimum of 12 months and a maximum of 76 months. If patients were readmitted to the ICU during this period, only the data from their first admission were considered.

Statistical analysis
--------------------

The demographic and clinical characteristics of patients were analyzed using the chi-squared test, independent *t*-tests, and the Mann-Whitney test. Continuous variables were expressed as mean ± standard deviation (SD). The ICU and hospital LOS, and APACHE II score did not follow a normal distribution. These were expressed as a median and interquartile range (IQR). The survival curve of total post-ICU patients was assessed using the Kaplan-Meier analysis. Univariate and multivariate Cox's proportional analyses were used to determine independent factors of 1-year mortality (primary outcome measure) and 5-year mortality (secondary outcome measure). Statistically significant variables (P \< 0.05) on univariate analysis were included in a stepwise multivariate Cox's proportional analysis. Statistical significance was defined as a P-value of less than 0.05. Data were analyzed using IBM SPSS Statistics 20 (IBM Corp., USA) and SAS ver. 9.2 (SAS Institute Inc., USA).  

Results
=======

A total of 5,351 patients were admitted to the general ICU. Of these patients, 172 patients (younger than 20 years) and 673 patents (ICU readmission) were excluded from this study. A further 827 patients were excluded due to death in the hospital or a terminal prognosis. A total of 3,679 patients were finally included ([Fig. 1](#f1-kja-d-18-00275){ref-type="fig"}). The demographic details and clinical characteristics of the participants are shown in [Table 1](#t1-kja-d-18-00275){ref-type="table"}. There were significant differences between post-ICU survivors and non-survivors based on age, APACHE II score, ICU LOS, hospital LOS, mechanical ventilation, malignancy, readmission, type of admission, and diagnostic category (P \< 0.001).

The 1-year mortality rate was 13.4%, and a multivariate Cox's proportional analysis showed that age (hazard ratio \[HR\] : 1.03 \[95% CI, 1.02--1.04\], P \< 0.001), APACHE II score (1.03 \[1.01--1.04\], P \< 0.001), mechanical ventilation (1.96 \[1.60--2.41\], P \< 0.001), malignancy (2.31 \[1.82--2.94\], P \< 0.001), readmission (1.65 \[1.31--2.07\], P \< 0.001), emergency surgery (1.66 \[1.18--2.34\], P = 0.003), ICU admission due to medical causes (4.66 \[3.68--5.91\], P \< 0.001), and non-traumatic diagnostic category (6.04 \[1.50-- 24.38\], P = 0.012) were independently associated with mortality ([Table 2](#t2-kja-d-18-00275){ref-type="table"}, [Fig. 2](#f2-kja-d-18-00275){ref-type="fig"}).

As the subgroup analysis, we reviewed 831 patients admitted to ICU between 2006 and 2007 for the 5-year follow-up. The 5-year mortality rate was 35.5%, and age (1.04 \[1.03--1.05\], P \< 0.001), mechanical ventilation (1.64 \[1.23--2.17\], P = 0.001), malignancy (2.02 \[1.45--2.81\], P \< 0.001), readmission (1.56 \[1.16--2.11\], P = 0.004), and ICU admission due to medical causes (2.07 \[1.50--2.86\], P \< 0.001) were independently associated with mortality ([Table 3](#t3-kja-d-18-00275){ref-type="table"}). 

Discussion
==========

The observed 1- and 5-year mortality rates after hospital discharge in post-ICU patients were 13.4% and 35.5% respectively. The risk factors for 1-year mortality were age, APACHE II score, mechanical ventilation, malignancy, readmission, emergency surgery, ICU admission due to medical causes, and diagnostic category. The risk factors for 5-year mortality were age, mechanical ventilation, malignancy, readmission, ICU admission due to medical causes.

The predictors of long-term mortality have been previously reported \[[@b9-kja-d-18-00275],[@b10-kja-d-18-00275]\]. In previous studies, the median value of 1-year mortality after critical care treatment in general ICU was 24% (5.4%--44%) \[[@b10-kja-d-18-00275]-[@b18-kja-d-18-00275]\]. These 1-year mortality rates were varied and the median mortality rate higher than our result (24% vs. 13.4%). One study reported 1-year mortality lower than our data (5.4% vs. 13.4%). In this Australian study \[[@b10-kja-d-18-00275]\], the starting point of follow-up was hospital discharge but they included patients who were 16 years and older. This difference can be attributed to the fact that some studies \[[@b10-kja-d-18-00275]-[@b18-kja-d-18-00275]\] started tracking mortality after ICU admission or discharge, while our study excluded deaths in the hospital when estimating mortality. The starting point of long-term follow-up is important when assessing mortality. Ranzani et al. \[[@b19-kja-d-18-00275]\] reported that if the starting point is changed "ICU admission" to "hospital discharge," the mean difference is 25% and mean reduction is 54%. Using ICU admission as the starting point for follow-up includes in-ICU mortality. However, when hospital discharge is used as the starting point, the data included patients who are similar to patients with no ICU treatment and had better previous healthy condition. The good medical condition and status performance will influence the post-ICU survival (survivor bias) \[[@b19-kja-d-18-00275]\]. For intervention trials, the homogeneity of data should be needed. Ranzani et al. \[[@b19-kja-d-18-00275]\] recommended the ICU admission for the starting point because the long-term mortality is not limited to post-discharge mortality and ICU-acquired disease (e.g., ventilator-associated pneumonia, ICU-acquired myopathy, or delirium) should be included in mortality after critical care.

The major predictors of 1-year survival of patients discharged from the ICU were age, severity of disease (APACHE II score), mechanical ventilation, malignancy, readmission, type of admission, and diagnostic category. Many studies \[[@b9-kja-d-18-00275],[@b10-kja-d-18-00275],[@b13-kja-d-18-00275],[@b20-kja-d-18-00275]\] have analyzed long-term mortality after ICU treatment, and the most common and most important factors that were associated with survival included age and severity of illness at the time of admission.

The age at ICU admission also appears to affect long-term survival, although age itself influences the death rate \[[@b10-kja-d-18-00275],[@b20-kja-d-18-00275],[@b21-kja-d-18-00275]\]. This factor was a strong predictor of the long-term survival of ICU patients (HR 1.03, P \< 0.001).

The mortality rate for ICU patients after hospital discharge increased with the severity of illness. Any comorbidity before ICU admission, whether it was related to ICU admission or not, and the onset of malignancy also affected long-term survival rates \[[@b10-kja-d-18-00275],[@b22-kja-d-18-00275]\]. Christiansen et al. \[[@b23-kja-d-18-00275]\] found that a high pre-admission morbidity level was related to short-term (30-day) and long-term (3-year) mortality rates. They also presented that morbidity had a greater impact on the mortality of ICU patients than that of a general population cohort. Thus, a chronic disease unrelated to the cause of ICU admission could affect the severity of illness and increase long-term mortality even after the acute illness is treated.

We also found various mortality rates and HR between diagnostic categories. Similar to a previous study \[[@b11-kja-d-18-00275],[@b16-kja-d-18-00275]\], the trauma group had the lowest HR, while the transplantation group had the highest HR. However, our study is not clearly comparable with others \[[@b6-kja-d-18-00275],[@b10-kja-d-18-00275],[@b11-kja-d-18-00275],[@b13-kja-d-18-00275],[@b16-kja-d-18-00275],[@b24-kja-d-18-00275]-[@b26-kja-d-18-00275]\], as the diagnostic categories were not divided into uniform criteria. We suggest that subdivision of diagnostic categories or homogeneity of cases will be helpful for accurate analysis in future studies.

Long-term survival was also dependent on the type of admission. In this study, long-term survival was the lowest among patients who were admitted for a medical problem. Many studies \[[@b9-kja-d-18-00275],[@b25-kja-d-18-00275]-[@b28-kja-d-18-00275]\] have shown various relationships between the type of admission and the long-term prognosis of patients after discharge. Medical patients are more likely to have pre-existing chronic diseases, which may be associated with mortality. Our result showed the 1-year mortality rates of emergency surgical patients were higher than that of elective surgical patients ([Fig. 2](#f2-kja-d-18-00275){ref-type="fig"}). In the elective surgical group, included the patients admitted to the ICU for monitoring were included. The APACHE II score of all emergency surgical patients was statistically higher than that of elective surgical patients (emergency: 14.5 ± 7.7, elective: 12.3 ± 6.6, P \< 0.001). This difference in severity of illness between the 2 groups might affect the mortality risk at 1 year after hospital discharge.

The 5-year mortality rate in our study was 35.5%, and this rate was similar to previous studies (29.4%--47.9%) \[[@b11-kja-d-18-00275],[@b13-kja-d-18-00275],[@b20-kja-d-18-00275],[@b29-kja-d-18-00275]-[@b31-kja-d-18-00275]\]. Several other studies \[[@b10-kja-d-18-00275],[@b11-kja-d-18-00275],[@b13-kja-d-18-00275],[@b20-kja-d-18-00275],[@b25-kja-d-18-00275]\] have reported that the highest mortality rate was seen in the first year after ICU treatment, especially in the first 3 months. Meynaar et al. \[[@b20-kja-d-18-00275]\] found that the mortality rate in post-ICU patients decreased from 14.6% (first year) to 4.3% (sixth year), and the highest mortality rate was seen in the first 3 months (5.5%). In Western Australia \[[@b10-kja-d-18-00275]\], the mortality rate of hospital survivors was highest in the first 12 months (1 yr: 5.4%. 5 yr: 16.3%, 10 yr: 31.3%, 15 yr: 45.3%). We found that the mortality rate was highest in the first year after discharge, while the mortality rate gradually decreased.

The risk factors of 5-year mortality were age, mechanical ventilation, malignancy, readmission, and medical patients. There is a statistically significant difference in 1-year mortality analysis, but no difference in 5-year mortality analysis. In 2013, Brinkman et al. \[[@b9-kja-d-18-00275]\] performed the literature review of long-term mortality and Dutch cohort study; they showed a higher hazard ratio of urgent surgery than elective surgery at 3 months after hospital discharge and the risk decreased at 12 months after discharge. They explained this situation by the fact that patients who underwent urgent surgery have fewer comorbidities. In our study, the mortality risk factors at 5 years might be affected by the comorbidities (e.g., the percentage of patients with malignancy among emergency surgery group was 10.4% and elective surgery group was 55.3%). Furthermore, we excluded many patients who underwent cardiovascular surgery (e.g. coronary bypass, valve replacement, or aorta graft surgery) because they were admitted to a cardiac critical care unit instead of the general ICU. Neurosurgical patients, who were diagnosed with a brain tumor or hemorrhage and had frequent emergency surgery, were also excluded from this study in the same manner.

There are neither guidelines nor recommendations about management for improving long-term outcome while the studies about post-intensive care syndrome have been actively conducted. It is important to find the correctable factors for improving long-term mortality of post-ICU patients. The predictors in our study are difficult to modify by any interventions, such as age, severity of illness, malignancy, type of admission, or diagnosis, but the mechanical ventilation and readmission are correctable predictors. In the report from a stakeholder' conference \[[@b32-kja-d-18-00275]\], they recommended some potentially available factors (e.g., pulmonary function, ICU-acquired weakness, cognitive impairment, depression, or posttraumatic stress disorder). Appropriate management of these correctable factors can be helpful in improving long-term outcome of post-ICU patients.

Even though this study was conducted with a large sample size in Korea, the analysis was still limited by several factors. First, data for chronic illnesses before ICU admission and cardiac arrest were not collected; therefore, the effects of these factors on ICU admission and mortality after discharge could not be investigated. Second, the ICU patient population in this study did not include patients undergoing open-heart or neurological surgeries, yet the number of patients presenting with neuromuscular complaints was particularly high. Third, we did not review the interventions performed in the ICU, such as renal replacement therapy or extracorporeal membrane oxygenation. Fourth, we did not evaluate the quality of life that has been widely reported as the important factors of long-term mortality, and we had not the data about the cause of out-hospital death. We are not able to know whether the cause of death is patient's comorbidity or complication of critical care. Fifth, the readmission rate (10.9%) is extremely high. Although readmission related to the severity of illness, it also means that the ICU discharge was inappropriate. Finally, the purpose of this study was to investigate the factors affecting post-discharge mortality in ICU patients, but there is a limitation that we evaluate only factors known to be associated with hospitals or short-term mortality.

In conclusion, the 1-year mortality rate after hospital discharge in post-ICU patients was 13.4%. Risk factors that were associated with 1-year mortality included old age, high APACHE II score, mechanical ventilation, malignancy, readmission, emergency surgery, ICU admission due to medical causes, and non-traumatic diagnostic categories except metabolic/endocrinologic category.
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![Flow diagram of patient screening for this study. The schematic shows the inclusion criteria for patients admitted to the ICU from 2006 to 2011. DNR: do not resuscitation, ICU: intensive care unit.](kja-d-18-00275f1){#f1-kja-d-18-00275}

![Cox's regression analysis curves showing 1-year mortality after hospital discharge of the total post-ICU patients and subgroups based on the type of admission. ICU: intensive care unit. ^\*^Emergency surgical patients have a higher mortality compared with elective surgical patients (P = 0.003). ^†^Medical patients have a higher mortality compared with elective surgical patients (P \< 0.001).](kja-d-18-00275f2){#f2-kja-d-18-00275}

###### 

Demographic and Clinical Characteristics of Patients Admitted from March 1, 2006, to November 30, 2011

  Parameter                   1 year after hospital discharge                                    
  --------------------------- --------------------------------- ---------------- --------------- ----------
  Sex (M/F)                   2154/1525                         1873/1313        281/212         0.453
  Age (yr)                    60.0 ± 16.4                       58.9 ± 16.5      67.0 ± 13.9     \< 0.001
  APACHE II score             11.0 \[7--16\]                    11.0 \[7--15\]   14 \[9--19\]    \< 0.001
  ICU LOS (days)              2 \[1--4\]                        2 \[1--3\]       3 \[2--7\]      \< 0.001
  Hospital LOS (days)         19 \[12--32\]                     19 \[12--31\]    24 \[14--41\]   \< 0.001
  Mechanical ventilation      1454 (39.5)                       1025 (37.8)      249 (50.5)      \< 0.001
  Malignancy                  1290 (35.1)                       1078 (33.8)      212 (43.0)      \< 0.001
  Readmission                 402 (10.9)                        307 (9.6)        95 (19.3)       \< 0.001
  Type of admission                                                                              \< 0.001
   Medical                    1162                              917 (90.3)       245 (9.3)       
   Elective surgery           2047                              1849 (89.4)      198 (10.6)      
   Emergency surgery          470                               420 (78.9)       50 (21.1)       
  Diagnostic category                                                                            \< 0.001
   Trauma                     135                               133 (98.5)       2 (1.5)         
   Cardiovascular             516                               460 (89.1)       56 (10.9)       
   Respiratory                750                               646 (86.1)       104 (13.9)      
   Gastrointestinal/hepatic   1099                              922 (83.9)       177 (16.1)      
   Renal                      130                               104 (80.0)       26 (20.0)       
   Neurologic                 723                               639 (88.4)       84 (11.6)       
   Metabolic/endocrinologic   96                                88 (91.7)        8 (8.3)         
   Hematologic                23                                17 (73.9)        6 (26.1)        
   Septic shock               160                               138 (86.3)       22 (13.8)       
   Transplantation            47                                39 (83.0)        8 (17.0)        

Values are presented as mean ± SD, median \[IQR\], number or patients or number (%). APACHE: Acute Physiology and Chronic Health Evaluation, ICU: intensive care unit, LOS: length of stay.

###### 

Univariate and Multivariate Cox's Proportional Analysis of Variables Associated with 1-year Mortality

  Parameter                   1-year mortality after hospital discharge                                    
  --------------------------- ------------------------------------------- ---------- --------------------- ----------
  Age                         1.03 (1.03--1.04)                           \< 0.001   1.03 (1.02--1.04)     \< 0.001
  APACHE II score             1.05 (1.04--1.07)                           \< 0.001   1.03 (1.01--1.04)     \< 0.001
  Mechanical ventilation      1.62 (1.36--1.94)                           \< 0.001   1.96 (1.60--2.41)     \< 0.001
  Malignancy                  1.41 (1.18--1.69)                           \< 0.001   2.31 (1.82--2.94)     \< 0.001
  Readmission                 2.09 (1.67--2.61)                           \< 0.001   1.65 (1.31--2.07)     \< 0.001
  Type of admission                                                                                        
   Elective surgery           1                                                      1                     
   Emergency surgery          1.12 (0.82--1.53)                           0.473      1.66 (1.18--2.34)     0.003
   Medical                    2.37 (1.96--2.86)                           \< 0.001   4.66 (3.68--5.91)     \< 0.001
  Diagnostic category                                                                                      
   Trauma                     1                                                      1                     
   Non-trauma                 9.92 (2.48--39.78)                          \< 0.001   6.04 (1.50--24.38)    0.012
   Cardiovascular             7.71 (1.88--31.58)                          0.005      6.17 (1.50--25.39)    0.012
   Respiratory                9.88 (2.44--40.02)                          0.001      5.31 (1.30--21.66)    0.02
   Gastrointestinal/Hepatic   11.65 (2.89--46.95)                         0.001      8.23 (2.02--33.52)    0.003
   Renal                      14.88 (3.53--62.68)                         \< 0.001   5.41 (1.27--23.01)    0.022
   Neurologic                 8.23 (2.03--33.46)                          0.003      5.63 (1.38--22.95)    0.016
   Metabolic/Endocrinologic   5.74 (1.22--27.04)                          0.027      3.31 (0.70--15.67)    0.132
   Hematologic                20.41 (4.12--101.12)                        \< 0.001   8.87 (1.78--44.30)    0.008
   Septic shock               9.92 (2.33--42.17)                          0.002      4.34 (1.09--19.83)    0.038
   Transplantation            12.59 (2.67--58.90)                         0.001      18.15 (3.83--86.13)   \< 0.001

Values are presented as numbers. APACHE: Acute Physiology and Chronic Health Evaluation, HR: hazard ratio.

###### 

Univariate and Multivariate Cox's Proportional Analysis of Variables Associated with 5-year Mortality

  Parameter                   5-year mortality after hospital discharge                                    
  --------------------------- ------------------------------------------- ---------- --------------------- ----------
  Age (yr)                    1.04 (1.03--1.05)                           \< 0.001   1.04 (1.03--1.05)     \< 0.001
  APACHE II score             1.06 (1.04--1.08)                           \< 0.001   1.02 (0.99--1.04)     0.076
  Mechanical ventilation      1.42 (1.12--1.79)                           0.004      1.64 (1.23--2.17)     0.001
  Malignancy                  1.62 (1.28--2.06)                           \< 0.001   2.02 (1.45--2.81)     \< 0.001
  Readmission                 1.86 (1.39--2.47)                           \< 0.001   1.56 (1.16--2.11)     0.004
  Type of admission                                                                                        
   Elective surgery           1                                                      1                     
   Emergency surgery          0.85 (0.54--1.37)                           0.516      1.53 (0.91--2.56)     0.109
   Medical                    1.34 (1.04--1.71)                           0.021      2.07 (1.50--2.86)     \< 0.001
  Diagnostic category                                                                                      
   Trauma                     1                                                      1                     
   Non-trauma                 12.52 (1.76--89.19)                         0.012      4.24 (0.58--30.92)    0.155
   Cardiovascular             10.08 (1.39--73.2)                          0.022      4.05 (0.54--30.18)    0.173
   Respiratory                12.95 (1.80--93.34)                         0.011      3.99 (0.54--29.69)    0.177
   Gastrointestinal/hepatic   14.43 (2.01--103.51)                        0.08       4.82 (0.65--35.73)    0.124
   Renal                      28.05 (3.76--209.02)                        0.001      7.94 (1.03--61.20)    0.047
   Neurologic                 8.88 (1.22--64.80)                          0.031      4.38 (0.59--32.65)    0.15
   Metabolic/endocrinologic   9.21 (1.13--74.87)                          0.038      4.82 (0.58--40.23)    0.147
   Hematologic                31.53 (2.86--347.92)                        0.005      6.17 (0.53--71.37)    0.145
   Septic shock               12.70 (1.68--95.71)                         0.014      3.50 (0.46--26.95)    0.228
   Transplantation            27.45 (1.72--438.86)                        0.019      6.72 (0.41--111.31)   0.183

Values are presented as numbers. APACHE: Acute Physiology and Chronic Health Evaluation, HR: hazard ratio.
